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ADAPTIVE QUANTIZINC AND INTEGRATING 
DETECTOR FOR PULSE-ECHO SYSTEMS 

BACKGROUND OF THE INVENTION 

In pulse-echo systems such as radars and sonars an 
estimate of the interference level of a received signal is 
necessary in order to determine within a given degree 
of assurance whether that signal consists of the interfer 
ence only or contains also target information or other 
intelligence signal received along with the interference. 
The estimate is then used to establish a detection 
threshold which, when exceeded, indicates that a target 
should be called. When the actual interference level is 
not known, it is the common practice in prior art radar 
and sonar systems to assume a constant interference 
level and to compare the amplitude of incoming signals 
with a detection threshold which is set by the operator 
in accordance with such assumed interference level. 
Although some form of automatic gain control can 

be used to make systems of this type less sensitive to 
long term changes in interference level, such prior art 
systems still have the inherent drawback of being sensi~ 
tive to rapid changes in the interference level. As a re— 
sult, such systems are likely either to miss target signals 
because the detection threshold is set too high or to 
trigger falsely on high level noise signals because the 
detection threshold is set too low. 
Some attempts have been made in the past to provide 

automatic interference level compensation which is 
sensitive directly to changing interference levels. These 
systems often employ a normalizer which adds together 
several samples of the received signal during selected 
periods of time. The resultant sum from the normalizer 
is multiplied by a constant value and compared to the 
amplitude of a given input sample. If the input sample 
exceeds the product, the given input sample is consid 
ered to be a target signal. Prior art systems of this type 
provide a simple “greater than” or “less than" conclu~ 
sion, but they do not indicate the relative values of the 
resultant sum and the given input sample as would be 
desirable for fully optimized signal detection when sev 
eral input samples are to be non-coherently combined. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a detection system which generates a quantized 
signal representative of the relative values of a sample 
input signal and a normalized estimate of current inter~ 
ference which may be time integrated for accurate sig~ 
nal detection. 
Further objects and advantages of the invention will 

be apparent to those skilled in the art from the follow 
ing description of the invention taken in conjunction 
with the attached drawings. 

In one preferred form, an adaptive quantizing and in 
tegrating detector disclosed herein comprises an esti 
mator wherein the level of the received signal is aver 
aged over a selected time interval. The output signal 
from the estimator is weighted by a set of constant scale 
factors and the resultant signals are compared in ampli 
tude to a selected sample of the received signal. A digi 
tal signal is then generated reflecting the results of the 
comparisons, with the value of the digital signal thereby 
representing the selected sample in normalized and 
quantized form. Digital signals representing input sig 
nals from successive transmission periods are summed, 

5 

10 

25 

35 

40 

45 

55 

2 
and the sum then compared to a ?xed threshold. A tar 
get is called if the threshold is exceeded. 

BRIEF DESCRIPTION OF THE DRAWING 

For a fuller understanding of the invention reference 
is made to the detailed description below when taken 
with the drawings wherein: 

FIG. I is a block diagram of an embodiment of the 
invention. 
FIG. 2 is a time graph of the embodiment shown in 

FIG. 1. 

DESCRIPTION OF THE INVENTION 

Referring now to the drawings, FIG. 1 is a block dia 
gram of one embodiment of the present invention illus- ' 
trated by way of example in a radar system. The system 
as shown comprises a transmitter 10, an antenna 12, a 
receiver designated generally by reference numeral 14, 
and a transmit-receive switch 16 all in the conventional 
pulse-echo system con?guration. 
Transmitter l0 delivers a series of pulses at a given 

carrier frequency and bandwidth to the antenna 12 or 
other transducer. The transmitted pulses are generated 
at known intervals and all the pulses have given band 
width and duration as is well known in the art. The re 
ceived signals as coupled through T-R switch 16 to the 
receiver 14 include noise caused by the existing inter 
ference sources both external and internal to the sys 
tem, together with any echo pulse re?ected from tar~ 
gets within the radar beam. 
Receiver 14 comprises a preprocessor which may in 

clude preampli?cation, conversion, i.f. ampli?cation, 
filter and detection stages, followed by the adaptive 
quantizing and integrating detector according to the 
present invention. This adaptive quantizing and inte~ 
grating detector, designated generally by reference nu 
meral 18, comprises an interference level estimator 21, 
variable level quantizer 22, moving window integrator 
23 and threshold detector 24, through which signals are 
processed in the sequence named. 

Interference level estimator 21 comprises an input 
network 30, a tapped delay line 32, a summation net 
work 34 and a multiplier 36, all connected in series re 
lation as shown in FIG. 1. 

Signals received over line 25 are first processed by 
input network 30. In one embodiment, input network 
30 may simply comprise a matching network to enable 
signals on line 25 to be transmitted to tapped delay line 
32. This embodiment results in an analogue type opera 
tion. In an alternative embodiment, input network 30 
may comprise a sampler connected in series with an 
analogue-to-digital converter. The sampler is operated 
at a frequency approximately twice the bandwidth of 
the transmitted pulses. This embodiment results in a 
digital type operation. Digital operation can also be ef 
fected by use of an input network 30 in the form of a 
shift register for passing digital samples to tapped delay 
line 32. 

In each of these alternative forms which network 30 
may take, a signal proportional to the signal on line 25 
is applied by the input network to tapped delay line 32. 
Delay line 32 has a plurality of output taps 37 with one 
such tap 38 located approximately in the center of the 
line. The output taps 37 are located to provide a time 
delay between adjacent taps which is equal to or less 
than the reciprocal bandwidth of the transmitted pulse. 
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There is no fixed requirement as to the number of these 
taps 37. .' 
Output taps 37 are connected to summation network 

34 wherein the amplitudes of signals appearing on each 
of the output taps 37 are added to generate a “sum” 
signal over line 39. Line 39 connects the output of sum 
mation network 34 to a first multiplier 36 which multi 
plies the sum signal by a constant weighting factor T to 
generate a first “weighted sum” signal. 
With output tap 35 located approximately in the mid 

dle of output taps 37, the signal on output tap 38 pro 
vides a “sample” of the input signal while the 
“weighted sum" signal from multiplier 36 provides an 
adaptive estimate of the amplitude of the input signals 
received at points in time before and after the sample. 
It would be possible, therefore, to merely compare the 
“sample” with the “weighted sum” signal to determine 
if the “sample” were of great enough amplitude rela 
tive to the current interference level to warrant calling 
the “sample” a target signal. In accordance with the 
present invention, however, improved detection capa 
bility may be achieved by performing this comparison 
on a multiple weighted basis through variable level 
quantizer 22. 
Quantizer 22 comprises second and third multipliers 

40 and 42 respectively; ?rst, second and third compar 
ators 44, 45 and 46 respectively; and encoder 48. Com 
parators 44, 45 and 46 each have first and second in 
puts and an output. Delay line tap 38 is connected to 
the ?rst input of each comparator 44, 45 and 46 for 
transmitting the “sample" to each comparator. Multi 
plier 36 is connected to the second input of comparator 
44 for communicating the weighted sum thereto. Multi 
plier 36 is also connected to multipliers 40 and 42. 
Multiplier 40 is in turn connected to the second input 
of comparator 45 while multiplier 42 is connected to 
the second input of comparator 46. 

In the embodiment depicted in FIG. 1, multiplier 40 
has a multiplying factor of two and multiplier 42 has a 
multiplying factor of three. Therefore, comparator 44 
compares the “sample” directly with the “weighted 
sum”, comparator 45 compares the “sample” with 
twice the “weighted sum” and comparator 46 com 
pares the “sample” with three times the “weighted 
sum”. Each of the comparators 44, 45 and 46 generates 
“greater than” or “less than” output signals as a result 
of the comparisons, which signals are communicated to 
an encoder 48 over lines 49. 

It is important to note that the invention is not limited 
to the employment of three comparators. More or less 
comparators may be employed. Additionally, multipli 
ers 40 and 42 need not have factors of two and three 
respectively. What is necessary is that a plurality of lev 
els of weighting of the “sum” signal be provided to 
allow a plurality of comparisons with the “sample.” 
Encoder 48 operates on the output signals from com 

parators 44, 45 and 46 to generate a signal indicative 
of the number of comparators which have registered 
the “sample” as being “greater than” the “weighted 
sum” signals. The output from encoder 48 is transmit 
ted over line 50 to moving window integrator 23. 

Integrator 23 is synchronized with the transmission of 
pulses by transmitter 15 as is known in the art and thus 
not shown in detail. Integrator 23 typically might be a 
“moving window" or an “integrate and dump” device. 
The integrator 23 operates to integrate or “add up“ the 
digital signals received as a function of time after each 
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pulse transmission, over several such time periods. The 
integrated value accrued during each of a plurality of 
time slots after the occurrence of a transmitted pulse is 
compared to a threshold value in threshold detector 24. 
When the integrated value in a time slot is greater than 
the threshold value an appropriate target received sig 
nal is sent by threshold detector 24 to output terminal 
51. 
Referring now to FIG. 2, a series of transmitter pulses 

are represented on time line A as being transmitted at 
recurring time periods N of length “a” and each pulse 
is represented as having a time duration de?ned by a 
width “b”. The signal input to the receiver may be illus 
tratively represented by time line B in FIG. 2 wherein 
the value of the local interference or noise level is 
represented as varying over the time period shown, and 
wherein echo pulses are received a time “d” after trans 
mission. " V V 

The echo pulse accordingly will appear in the ?rst tap 
of tapped delay line 32 at a time “d” after its transmis 
sion. If, for example, tapped delay line 32 had a total 
of seven taps and tap 38 were the center tap and a sig 
nal were delayed a time “b” between taps then an addi 
tional three time periods “11" must pass until the echo 
pulse becomes the “sample” in tap 38. Therefore, until 
that time, the echo pulse is added to the “sum” signal 
on line 39 and none of the comparators 44, 45 and 46 
registers a “sample” greater than any of the “weighted 
sum” signals. 
However, at a time three time periods “b” after re 

ception of an echo pulse, that pulse arrives at tap 38 
and becomes the “sample”. At this time some number 
of the comparators 44, 45 and 46 will register a “sam 
ple” greater than “weighted sum” signals to encoder 
48, the number thus registered being dependent on the 
current interference level, on the values chosen for 
multipliers 36, 40 and 42, and on the amplitude of the 
echo pulse. Encoder 48 generates a quantized signal to 
moving window integrator 23 indicating the number of 
comparators registering a “greater than” signal and the 
value of the signal is recorded in an appropriate time 
slot of integrator 23. 
The time slots of integrator 23 are represented on 

time line C of FIG. 2 as C1, C2, C3, etc. with each having 
a width approximately equal to the width “b" of the 
transmitted pulses. At the beginning of each time pe 
riod N the value of the signal from encoder 48 is added 
to the ?rst time slot C1. Therefore, by the time the echo 
pulse appears as the sample at tap 38 of tapped delay 
line 32, integrator 23 will be at a time slot Cu, and 
therein record the appropriate value from encoder 43. 
This process is continued until a selected number of 

N time periods have passed. The sums of the signals in 
each of the time slots in the moving window integrator 
23 are then compared to a threshold value in threshold 
detector 24. When the value accrued in time slot C10 is 
greater than the threshold value, an appropriate target 
signal is sent by threshold detector 24 to the output. 

It will be understood that various changes may be 
made in details within the scope of the claims without 
departing from the spirit of the invention. It is therefore 

, to'be understood that the invention is'not to be limited 
"fto the specific details shown and described. 

We claim: 
1. An adaptive quantizing and integrating detector 

comprising: 
first means for receiving an input signal; 
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second means for deriving an estimate of the ampli 
tude of said input signal during selected periods of 
time; 

third means responsive to said signal amplitude esti 
mate for generating first and second signals related 
thereto by different proportionality factors 
whereby said second signal has correspondingly 
different weighting than said first signal; 

fourth means for providing a sample of said input sig 
nal; 

?fth means for comparing the amplitude of said sam 
ple with the amplitude of said ?rst signal and for 
comparing the amplitude of said sample with the 
amplitude of said second signal to generate a third 
signal indicating the results of said signal amplitude 
comparisons; 

sixth means for integrating said third signal over a 
plurality of said periods of time; and 

seventh means responsive to said integrating means 
for generating an output signal. 

2. The adaptive quantizing and integrating detector 
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6 
claimed in claim 1 wherein: 

said second means includes a tapped delay line hav 
ing a plurality of output taps and a summing net 
work, said plurality of said taps connected to said 
summing network to generate said ?rst signal; 

said third means includes means for providing a plu 
rality of second signals each weighted by increas 
ingly larger values; and 

said fourth means comprises one of said plurality of 
output taps. 

3. The adaptive quantizing and integrating detector 
claimed in claim 2 wherein: 

said ?fth means includes means for comparing said 
sample with each of said plurality of second signals, 
said third signal being a ?rst value if said sample is 
less than said ?rst signal, and said third signal being 
proportionately larger dependent on the number of 
said second signals that are smaller than said sam 
ple. 

* * * * * 


